(Submitted for publication February 9, 1959 ; accepted May 7, 1959) It has been suggested by earlier work (1, 2) and especially by a recent paper by Finch (3) , that when isotopically labeled iron is administered to the body the time required for complete isotopic equilibrium to be reached is very long, a matter of years. It is well established that labeled iron bound to transferrin is found almost entirely in the red cells two to three weeks after injection. These findings could well be explained on the basis of poor exchangeability of the storage iron, since lattice-bound atoms of such a semicrystalline structure (4, 5) are in general very firmly bound. An alternative explanation is that storage iron is largely bypassed in the normal endogenous cycling of iron. First, it is quite possible that at least part of the products of red cell degradation are specifically taken up by cells of the bone marrow such as reticuloendothelial cells and red cell precursors (6) , and in this manner exclude major participation by storage iron in heme formation. Second, the red cell iron compartment has the properties of a large nonexchangeable pool interposed between two one-way flows with a relatively fixed time (about 120 days) spent by the isotope in the pool. For this reason alone isotopic equilibrium within the body will take a very long time.
The present investigation was undertaken to define more exactly the pathways of iron following the degradation of hemoglobin when this was administered intravenously in amounts comparable to physiological loads. In normal man, the total hemoglobin turnover is about 6 to were obtained after injection of 100 to 250 mg. of hemoglobin. The reappearance of the labeled iron in plasma, presumably as transferrin iron, and the subsequent incorporation of this iron into circulating red cells was studied.
MATERIALS AND METHODS
In a previous paper (7) the preparation of an Fe5" tagged hemoglobin solution and its intravenous injection in 12 healthy, adult, volunteer subjects was described. The present data are based upon further observations on these subjects and one additional subject. The time course of the radioactivity of the nonhemoglobin, easily hydrolyzable iron in the plasma was followed. The time course of the radioactivity of the red cells was also followed. The wet-ashing and counting procedures were identical to those described in a previous paper (7). Hematocrits were determined according to Wintrobe (8) .
Estimations of the red cell volume and the plasma volume were made using a value of 29 ml. per Kg. body weight for red cell volume and a body hematocrit of 0.92 times the venous hematocrit. The systematic error introduced by such a calculation is unlikely to exceed 10 per cent for the red cell volume and 20 per cent for the plasma volume, and probably does not exceed 5 and 10 per cent, respectively (9) .
RESULTS
The time course of the radioactivity in the nonhemoglobin, easily hydrolyzable iron in the plasma after injection of labeled hemoglobin is shown in Figure 1 . The hemoglobin injection was made at zero time and the amount of hemoglobin injected was 1.3 mg. per Kg. body weight in 10 subjects and 3.5 mg. per Kg. body weight in three subjects [compare with previous paper (7) ]. The time course of the radioactivity from Fe59 in circulating red cells is shown in Figure 2 . Not included in this figure are 10 additional values obtained between 54 and 69 days after the injection, from which a mean value of 107 per cent (S.E. = 7 per cent) was calculated.
DISCUSSION
The time course of the appearance of the labeled iron in plasma after injection of hemoglobin showed that about 30 per cent of the injected activity was released and passed into the plasma after about two hours; another 10 per cent was passed during the next six hours. It is thus evident that plasma hemoglobin rapidly enters hoe+'k o1; i-rlra _t-h;C I-4not~-e-h P1,1VTAr The time course of the uptake of labeled iron into circulating red cells showed a smaller proporsm took place in the bone tion of the injected activity in the red cells at any )sequent liberation of iron to time than after injection of transferrin-bound iron. This is in accordance with the idea that at least part of the iron from hemoglobin is incorporated into relatively inaccessible iron compounds. The turnover of this pool, however, was sufficiently --------_ ___rapid to allow most of the injected hemoglobin iron to be reutilized within two months after injection.
It has been shown that in various types of hemolytic disorders, the rate of uptake of radioiron in the circulating red cells after intravenous in the reticuloendothelial system and/or increased intravascular hemolysis with resultant shunting of radioactivity into stores. The delay in release of this radioactivity combined with continual loss from the red cell pool might be expected to produce the iron utilization curves which have been described. The present data confirm the participation of such storage iron pools in the distribution of iron from hemoglobin degradation and support the feasibility of this interpretation. SUMMARY 1. The time course of the appearance and disappearance of plasma iron radioactivity after injection of small amounts of labeled hemoglobin has been followed. Also, the time course of the appearance of the labeled iron in red cells was investigated.
2. The data show that hemoglobin, injected in amounts of 100 to 250 mg., rapidly enters its catabolic cycle and that at least 40 per cent of the iron is split off within the first few hours after injection. A considerable part of the iron is retained extravascularly for many hours. The subsequent incorporation of the labeled iron into circulating red cells is slower than after administration of transferrin-bound radioiron.
3. The data substantiate the idea that the decreased rate of appearance of radioiron in circulating red cells in certain types of hemolytic anemia may be due to destruction of young cells or increased intravascular hemolysis and subsequent shunting of radioiron into slowly turned-over iron stores.
